Abstract-Pulse shaping filter when applied to the symbols generated for transmission in a bandwidth limited systems allow for bandwidth containment that reduces the Inter-Symbol Interference (ISI) arising from multipath signal reflections which further minimizes the probability of errors at the receiver. Wavelets encompass the advantages of transforming and mapping data onto orthogonal subcarriers with optimal flexibility as well as less complexity which leads to increase the bandwidth efficiency of an Orthogonal Frequency Division Multiplexing (OFDM) system. In this paper Square Root Raised Cosine (SRRC) a pulse shaping technique when applied to Discrete Wavelet Transform (DWT) based OFDM system in mobile WiMax is simulated and its performance analysis in terms of Bit Error rate (BER) as a function of Signal to Noise Ratio (SNR) is investigated for various modulation schemes under AWGN channel. The results obtained show that SRRC filter offers to significantly improve BER for the given SNR and enhance the performance of physical layer in Mobile WiMax. The performance measurements and analysis is done in the simulation developed in MATLAB.
I. INTRODUCTION
Mobile Worldwide Interoperability for Microwave Access (WiMax) standard IEEE 802.16e adopted OFDM on its physical layer to facilitate high data rate transmission for wide variety of wireless broadband services with better coverage in the frequency range of 10-66 GHz (Line of sight) and 2-11GHz (Non Line of Sight) [1] . The IEEE 802.16 develops the technology specification for WiMax standard air interface which includes the definition of both the physical layers and the medium access control layer for the base station and the subscriber station while WiMax Forum which is an organization that ensure and certify compatibility, conformance and interoperability of products defines its access network operability based on IEEE 802.16 standards [2] . The IEEE 802. 16 WiMax standard supports flexibility of its physical layer with multiple physical specifications which facilitates the system designers to modify their system according to their requirements. The physical layer enumerates some mandatory features to be implemented with the system and also includes some optional features to provide a dependable end-to-end link. Conventional Fast Fourier Transform (FFT) based OFDM system in the physical layer of WiMax uses 128 bits to 2,048 point in for mobile communication [3] . However the performance of communication system with OFDM networks using conventional FFT suffers from certain limitations which include sensitivity to Inter-Carrier Interference (ICI), higher ISI, phase noise and band-limited channel which leads to high Peak to Average Power Ratio (PAPR) [5] . Mostly work on orthogonal properties of wavelet in multicarrier modulation system has been exploited to reduce PAPR [6, 7] . It is also established that in wavelet based OFDM signal, the concept of guard band as Cyclic Prefix (CP) is not required in between every orthogonal signal consequently its bandwidth efficiency was found to increase by approximately 25-30% [8] . To further improve the performance of digital communication systems based on OFDM systems spectrally efficient filter pulses are employed in practical systems in order to satisfy the bandwidth limitations imposed by the multipath fading channels. Different types of pulse 
II. RELATED WORK
The performance of DWT amid its capability to reduce the loss of orthogonality between the carriers is much better than FFT in OFDM system has been demonstrated with different wavelets in [11] . Kaizuran et al [12] calculated the computational complexity of orthogonal wavelet by exploring its orthonormal base and construction properties and found it to be O(N) which was much less than that of FFT with computational complexity as O(Nlog 2 N). The performance of the Wavelet Packet Modulation (WPM) was observed to perform much better than conventional OFDM for the signals passing through a fading channel and nonlinear High Power Amplifier in [13] . Saad et al in [14] evaluated similar results for the input signal in the presence of Gaussian and Impulsive Noise. Kumbasar et al [15] observed that WPM offered much lower side lobes in transmitted signal thus decreases narrowband Interference and ICI for several multipath wireless channels. Srikanth et al [16] proposed an adaptive loading technique to mitigate ISI when OFDM is used in Wireless Local Area (WLAN). Gandhi et al [17] analyzed that by applying pulse shaping filter to OFDM system increases the width of main lobe to which the peak power is associated and reduces the amplitude of side lobes with which ICI power is associated which results in improvement of the BER performance of OFDM system. The impact of different pulse shaping filters on the OFDM-based WLAN system standard IEEE 802.11a was studied by [18] and Root Raised Cosine (RRC) matched filters was suggested to improve performance in practical WLAN system. A novel filter approach for reducing undesired ICI caused with carrier frequency offset to improve performance was proposed by Mourad et al [19] . SRRC which is a variant of RRC filter, is commonly used as transmit and receive filter in a digital communication system to perform matched filtering. It produces a frequency response with unity gain at low frequencies and complete at higher frequencies, therefore, attenuates the starting and ending portions of the symbol period. SRRC pulses have been proposed as a transmit and receive filters in WiMax (IEEE 802.16 standard), Wideband Code Division Multiple Access (WCDMA) system and 3GPP Long Term Evolution (LTE) in [20] .
In this paper, physical layer performance for DWT based OFDM system in mobile WiMax system is analyzed by employing matched SRRC pulse shaping filter in its transmitter and receiver. The assessment of this proposed system with and without pulse shaping filter is demonstrated by means of diverse modulation schemes under AWGN channel. Moreover different aspects of SRRC filter used in its designing are also examined by varying its parameters.
III. SRRC PULSE SHAPING FILTER
SRRC filter is applied in both transmitter and receiver in practical DWT based OFDM systems in mobile WiMax so that their combination results in minimum ISI etc. The impulse response of the SRRC filter is given in the following equations (1-3) according to 3GPP standard [20] .
( 1) with following values at
(ii)
where α is the roll-off factor and T is the symbol duration. The frequency response of the SRRC filter is mainly characterized by following factors such as:-a) The roll-off factor (α) determines the sharpness of the frequency response as it governs the bandwidth occupied by the pulse and the rate at which the tails of the pulse decay. It lies in the range 0 to 1 with value α = 0 offers the narrowest bandwidth while decay in time domain is fastest, but with α =1 the spectrum requires twice as much bandwidth and the slowest rate of decay in the time domain. For most practical digital communications systems, roll-off factor between 0.2 and 0.5 has proved to be very proficient with adequate bandwidth and smaller tails contributing to less ISI [21] . b) For a signal to be sent through a digital filter another parameter is the oversampling factor (ƞ). The oversampled signal by a factor of N means it is sampled at N times the Nyquist rate. Oversampling a signal aids to improves resolution, reduces noise and helps avoiding aliasing and phase distortion but the main drawbacks to this approach is that the processor must handle this higher data rate while performing additional processing on the data to implement the digital filter [21] . The proposed model has been designed to schematically evaluate the physical layer performance of DWT based OFDM system in the mobile WiMax with SRRC pulse shaping filter applied in its transmitter and receiver which is further examined by varying its parameters such as roll-off factor and oversampling factor for various modulation schemes such as 16QAM and 64QAM under AWGN channel. The flow chart designed for the model is presented with transmitter and receiver modules as given in figure 1(a) and 1(b) respectively.
(i) Transmitter
The basic steps in derivation of the transmitter in the proposed system are as follows: Fig.1(a) . Flow Chart of the Transmitter in the Proposed System.
Step 1: Source data is generated in the form of digital random numbers and the length of its information bits (x) depends upon the type of the modulation scheme (16QAM or 64QAM) used to map the bits to symbols.
Step 2: The randomized data is fed to the ReedSolomon (RS) encoder which is a part of Forward Error Correction (FEC). This RS code is represented in the form as RS (p, q, s), where p is total number of data and parity symbols, q is the number of input data symbols to be encoded, and s is the maximum number of data symbols that can be corrected. For x as the number of bits per symbol, the value of p and q is calculated using equation
RS error-coded bits are further coded by Convolutional (CC) encoder; here each r bit symbol is transformed into k bit symbol to have r/k as their code rate. This transformation of r bit symbol into k bit symbol depends upon the last m data symbols, where m is the constraint length of the CC code. Coding Rates for different modulation schemes used in this simulation is shown in table 1. Step 3: To protect the data further from burst errors during transmission, this FEC encoded data is then fed into a block Interleaver.
Step 4: The incoming (interleaved) bits is mapped onto different sub-carriers by the symbol mapper in this step, where depending upon its size the data is modulated using different modulation schemes.
Step 5: In the next step OFDM waveform for WiMax physical layer is created by OFDM modulator that basically gives sub-carriers its orthogonality and transforms its frequency spectrum into a time domain signal which can be implemented as:-Case 1: Conventional OFDM implementation in the physical layer of mobile WiMax uses IFFT during transmission, wherein to mitigate ISI effect CP as a guard interval period is added to the signal to provide a protective separation between transmitted OFDM frames.
Case 2: In Wavelet based OFDM implementation Inverse Discrete Wavelet Transform (IDWT) modulator is employed which doesn't require the use of CP hence decreases the bandwidth wastage and also its transmission power.
Step 6: For the DWT-OFDM system employing a SRRC filter in its transmitter following system parameters are set in this step to design the filter where (i) F s is the sampling frequency (ii) F c is the cutoff frequency (iii) T p is the type specification of filter, it is SRRC filter in this model (iv) α as the roll-off factor (v) ƞ as oversampling rate (v) Step 7: This proposed model incorporate AWGN for channel implementation.
(ii) Receiver
The receiver performs the reverse operation of the transmitter. Various steps in derivation of the receiver in this proposed model are as follows: Fig.1(b) . Flow Chart of the Receiver in the Proposed System.
Step 1: OFDM demodulation involves conversion of signal from time domain to frequency domain which is achieved as:-Case 1: In conventional case FFT demodulator is implemented, and then CP is removed before the signal is passed through various other blocks of the receiver.
Case 2: In wavelet based OFDM, DWT demodulator is employed to perform this conversion. Further for the case where SRRC filter is employed in the transmitter matched SRRC filter as mentioned in the equations (1-3) is applied in the receiver as well to minimize ISI effects.
Step 2: In this step demapper at the receiver demodulated symbols to generate data bit stream corresponding to the modulation and symbol mapping in the transmitter.
Step 3: The next step is the deinterleaving operation which rearranges the bits into original form.
Step 4: Deinterleaved data is then fed to FEC decoder having RS decoder and Viterbi decoder for decoding.
Step 5: The decoded data is finally derandomized to obtain the output data.
Finally, the comparison of BER is done for different cases at different SNRs.
V. RESULTS AND ANALYSIS
The physical layer performance of DWT based OFDM system in mobile WiMax system with SRRC filter under AWGN channel is measured in BER curves for different modulation techniques such as 16QAM½, 16QAM¾, 64QAM⅔ and 64QAM¾ modulation schemes. Fig. 2 clearly illustrates that physical layer performance of DWT based OFDM system is significantly improved in comparison with conventional FFT based OFDM system in mobile WiMax for modulation scheme 64QAM¾, 64QAM⅔, and 16QAM¾ and 16QAM½ with AWGN channel. Further, comparative performance analysis of DWT based OFDM system by employing SRRC pulse filter with a different oversampling rate (ƞ) such as 2, 4, 6, 8 and 10 is measured in BER curves. From Fig. 2(a) , it is observed that the SRRC pulse with ƞ = 8 significantly enhance the performance with minimum BER obtained as 10 -5 at SNR equals to 12dB for modulation scheme 64QAM¾. In Fig.  2(b) and 2(c) , BER as low as 10 -4 is obtained for ƞ = 8 at SNR equals to 12dB for modulation technique 64QAM⅔ and at SNR equals to 7dB with the modulation scheme 16QAM¾ respectively. Fig. 2(d) shows that minimum BER of 10 -4 dB with ƞ= 8 is observed at SNR equals to 2dB for modulation schemes 16QAM ½. It is apparent from the results obtained that employing SRRC filter in the physical layer of the DWT based OFDM system of mobile WiMax significantly enhances its performance which varies with different oversampling rate (ƞ) and the best results are with oversampling rate of 8 for different modulation schemes and minimum BER is observed in 64QAM¾ modulation schemes under AWGN channel. The result obtained also revealed that performance is observed to be better at high values of SNRs with higher order modulation scheme while lower order schemes perform better for lower SNRs. 3 shows that by employing SRRC filter in DWT based OFDM system, dependence of BER on the roll-off factor (α) which is varied from 0.1 to 0.75 is observed for different modulation schemes under AWGN channel. As illustrated in the Fig. 3(a) , for the modulation scheme 64QAM¾, SRRC pulse with α = 0.35 exhibits much better performance in comparison with other roll-off factors with the value of BER obtained as10 -5 at 12 dB. In Fig. 3(b) and 3(c) , SRRC pulse with α = 0.35 exhibit BER as low as 10 -4 for the SNR value of 10dB and 7dB for the modulation scheme 64QAM⅔and 16QAM¾ respectively. Fig. 3(d) shows that for modulation schemes 16QAM½, SRRC filter with α = 0.35 with BER value of 10 -4 at SNR equals to 3dB is marginally better than with α=0.5. An improvement of ~5 dB is observed in every case with the introduction of SRRC filter in the physical layer of the WiMax system. Thus it is inferred that with SRRC filter in the physical layer of DWT based OFDM system of mobile WiMax reduces the BER with most optimal value of roll-off factor found as 0.35 and hence improves the performance with 16QAM and 64QAM modulation techniques.
VI. CONCLUSION
In the present work, physical layer performance of mobile WiMax IEEE 802.16e is simulated and tested by implementing of SRRC matched filters in transmitter and receiver system of the wavelet-based OFDM system of mobile WiMax system. The results obtained revealed significant improvement for various QAM modulation techniques in AWGN channel. The investigations are carried further by analyzing the impact of varying certain parameters such as the roll-off factor and oversampling rate on the performance of the proposed model and the best results were found with oversampling factor equals to 8 for 64QAM¾ and with roll-off factor value equals to 0.35 for 64QAM and 16QAM modulation scheme. This study will be useful to achieved much lower bit error rates and can be used for high transmission rates in mobile WiMax with the possibility of implementation of SRRC filter by assuming the reasonable choice of its parameters. In future, the same scheme can be implemented for multiple inputs multiple output systems and in a multiuser environment. 
